Summary In the first year, after an osteoporotic fracture of a hip, forearm, upper arm, or spine, the dispensing rates of antidepressants and benzodiazepines increased significantly. After those fractures, recent and past use of antidepressants and benzodiazepines was associated with increased all-cause mortality; current use was not associated with mortality risk.
Introduction
In 2000, it was estimated that worldwide 9 million new fragility fractures occurred of which 5.4 million were major osteoporotic fractures (MOF: hip, forearm, spine, and humerus) [1] . It has been estimated that due to aging of the population, the fracture incidence of osteoporotic fractures in the period of 2010 to 2030 will increase with 40% in the Netherlands [2] . Besides resulting co-morbidities, patients with osteoporotic fractures have an increased risk of subsequent fracture and an increased mortality [3, 4] .
The reasons for increased mortality in fracture patients are diverse, and the use of antidepressants and benzodiazepines is possibly one of the reasons. Psychotropic drugs such as antidepressants and benzodiazepines are frequently prescribed in elderly [5, 6] , in patients with a recent clinical fracture presenting at a fracture liaison service (FLS) [7] , and in patients with a hip fracture (HF) [8] [9] [10] . Both antidepressants and benzodiazepines have been associated with mortality [11] [12] [13] [14] [15] [16] . The risk of mortality with antidepressant use may be the result of an increased risk of cardiac arrhythmias [17] , while in benzodiazepine users, upper airway collapse and negative effects on respiration are described as possible mechanisms of the increased mortality risk [18, 19] . However, epidemiological studies showed inconsistent results when studying the association between use of antidepressants or benzodiazepines and all-cause mortality [11] [12] [13] [14] [15] [16] [20] [21] [22] [23] [24] [25] .
Many studies have assessed the association of fracture risk with use of benzodiazepines and antidepressants in the general population [26] [27] [28] . Only few studies assessed the mortality risk with use of antidepressants and benzodiazepines after a HF but not after other osteoporotic fracture types [9, 29] . Kragh et al. reported a significantly higher first year mortality in older hip fracture in patients exposed before the fracture to psychotropic drugs [29] .
It remains unclear to which extent use of antidepressants and benzodiazepines is associated with mortality risk in the, already high-risk, post-fracture period in patients with a MOF. Therefore, the aims of this study were (1) to describe the frequency of dispensing of antidepressants and benzodiazepines in the first year after HF or MOF, and (2) to describe the association between use of these drugs and risk of allcause mortality.
Methods

Data source
The design and methods of our study were comparable to the recently published study of van de Ven et al. [30] . Between 2002 and 2011, a cohort study was performed within the Dutch PHARMO Database Network (Institute for Drug Outcome Research, www.pharmo.nl). This population-based network of probabilistically linked electronic healthcare databases contains data from multiple primary and secondary healthcare settings. For the current study, primary care data linked to outpatient pharmacy dispensing data, hospitalizations from the Dutch Hospital Data Foundation (DHD, www.dutchhospitaldata.nl), and death registration data for approximately 660,000 community-dwelling individuals in the Netherlands was used. Primary care diagnoses are coded according to International Classification of Primary Care (ICPC) codes. Drug-dispensing records contain information concerning the dispensed drug according to the Anatomical Therapeutic Chemical (ATC) Classification system codes including amount, dose, dosage regimen, and date of dispensing [31] . Hospital records include dates of inpatient admissions and discharge, diagnoses, and procedures recorded according to the International Classification of Disease, 9th or 10th revision codes (ICD-9-CM or ICD-10). A high validity of hip fracture recording has been shown previously in the PHARMO Database Network with a true positive rate > 90% [32] .
Study population
All patients aged 65 years or older with a first record of a fracture of either the hip, forearm, humerus, or spine that came to clinical attention since start of data collection were included. Fractures were classified into the following categories using ICPC, ICD-9-CM, and ICD-10 codes: hip (ICPC: L75.01, ICD-9-CM: 820, ICD-10: S72.0, S72.1, S72.2), forearm (ICPC: L72, ICD-9-CM: 813, 814, ICD-10: S52), clinical spine (ICPC: L76.06, ICD-9-CM: 805, 806, ICD-10: S12.0-S12.2, S12.7, S22.0, S22.1, S32.0-S32.2), and humerus (ICPC: L74.04, ICD-9-CM: 812, ICD-10: S42.2-S42.4, S42.7). Fractures were identified from primary care records and hospitalization data between 1 January 2002 and 31 December 2011. The date of the first fracture defined the index date. All patients were required to have at least 1 year of valid data collection before their index date.
Definition of exposure
Oral use of antidepressants and benzodiazepines was determined using pharmacy dispensing data. The following ATC codes were included: antidepressants: N06A. These included tricyclic antidepressants [TCAs] N06AA, SSRIs, N06AB and others: N06AF, N06AG, and N06AX. We also included benzodiazepines (ATC codes N05BA, N05CD, or N05CF). Use of these drugs was defined in a time-dependent manner. Follow-up was divided in 30-day periods. Presence of a dispensing for an antidepressant and/or benzodiazepine was determined before each interval. Current users were patients who had a record in the 30-day period before each interval. Recent users were those with a record between 31 days and 92 days before each interval. Past users were those who had a record > 92 days before the interval. Patients could move between current, recent, and past exposure throughout follow-up. Patients who were not dispensed an antidepressant or benzodiazepine were classified as non-users. At each current use interval, the cumulative dose was calculated by adding the amount of dispensed defined daily dosages (DDDs) [31] of all dispensings before that interval. The cumulative dose of benzodiazepines was expressed in milligram temazepam equivalents and the cumulative dose of antidepressants in milligram paroxetine equivalents.
All patients were followed from the index date until the occurrence of all-cause mortality, migration out of the data source, or the end of the study period (31 December 2011 the latest), whichever came first. The date of death was the earliest date that was recorded wither in general practice, hospital, or national death certificates.
Potential confounders
Potential confounders for this study were determinants that have been associated with mortality risk. With the exception of sex, they were assessed in a time-dependent manner and included age, and a history of chronic diseases (ischemic heart disease, cerebrovascular disease, congestive heart failure, chronic kidney disease, chronic obstructive pulmonary disease (COPD), dementia), malignant neoplasms, or depression. Other potential confounders included a dispensing for anticonvulsants, antipsychotics, lithium, glucocorticoids, antiarrhythmic drugs, NSAIDs, β-blockers, thiazide diuretics, loop diuretics, renin-angiotensin-aldosterone system (RAAS) inhibitors, statins, anti-diabetic drugs, and anti-rheumatic drugs in the 6 months before the start of an interval.
Statistical analysis
Kaplan-Meier analyses (1, Kaplan-Meier estimate) were used to estimate cumulative incidence rates of all-cause mortality after MOF or specifically hip fracture, broken down by current use of antidepressants, benzodiazepines, or concomitant use of both classes of drugs. Cox proportional hazards regression was used to estimate the risk of all-cause mortality with use of antidepressants and/or benzodiazepines versus non-use (PHREG procedure, SAS 9.4; SAS Institute). Current use of benzodiazepines and antidepressants was further stratified by cumulative dose categories. Potential confounders were included into the final model if they independently changed the β-coefficient for the exposure (antidepressants, benzodiazepines) by at least 5% (change-in-estimate method [33] ). Risk of mortality was assessed by the time since the most recent dispensing of either an antidepressant or benzodiazepine.
Results
Between 2002 and 2011, a total number of 4854 patients sustained a MOF after the age of 65 years, of whom 1766 patients sustained a HF. In the group of patients with a MOF, 78.1% were women and their mean age was 78 years (standard deviation (SD) = 7.5 years). In the subgroup of patients with a HF, 72.6% were women and they had a mean age of 81 years (SD = 7.4 years). The mean duration of follow-up in the group of patients with a MOF was 4.6 years (SD = 2.2 years) and in the group of patients with a HF 4.6 years (SD 2.3 = years).
As presented in Table 1 , patients in both groups had a history of several of the selected comorbidities; peptic ulcer and dyspepsia, ischemic heart disease, and cerebrovascular diseases were the most common selected comorbidities before the index date. A history of depression was less frequent in patients with a MOF (4.3%) versus the patients in the subgroup with a HF (4.8%), whereas the proportions of previous antidepressant use in the past 6 months prior to fracture were considerably higher: 12.7% among those who had sustained a MOF and 14.5% for the subgroup with a HF. More than 25% of all patients with a MOF or HF had used benzodiazepines in the past 6 months prior to fracture.
In Table 2 , the cumulative incidence of antidepressant, benzodiazepine, or combined use in the first year following fracture is presented. The cumulative incidence after a MOF increased from 10.6% (95% CI 9.8-11.6) to 14.7% (95% CI 13.7-15.7) for antidepressant use, from 24.0% (95% CI 22.8-25.3) to 31.4% (95% CI 30.1-32.8) for benzodiazepine use, and from 5.4% (95% CI 4.8-6.0) to 8.2% (95% CI: 7.5-9.1) for concomitant use of antidepressants and benzodiazepines. During the first year after a HF, the cumulative incidence of antidepressant use increased from 10.9% (95% CI 9.5-12.5) to 16.0% (95% CI 14.3-17.9) and the cumulative incidence of benzodiazepine use increased from 27.8% (95% CI 25.7-30.0) to 35.7% (95% CI 33.4-38.1).
During the total follow-up period, current use of antidepressants, benzodiazepines, or both after a MOF or HF was not associated with risk of all-cause mortality (Table 3) . However, recent use of antidepressants, benzodiazepines, or both was associated with an increased all-cause mortality risk after MOF (adjusted HR of 1.38 (95% CI 1.01-1.90) for antidepressants, adjusted HR of 1.47 (95% CI 1.14-1.89) for benzodiazepines, and adjusted HR of 2.37 (95% CI 1.39-4.06) for combined use. Past use of antidepressants, benzodiazepines, or both was also associated with all-cause mortality risk; adjusted HR of 1.39 (95% CI 1.15-1.66) for antidepressants, adjusted HR of 1.20 (95% CI 1.02-1.42) for benzodiazepines, and adjusted HR of 1.58 (95% CI 1.25-2.00) for combined use.
Stratification of current use by cumulative dose did not demonstrate a significant difference in mortality risk in the different cumulative dosage groups in antidepressants. In benzodiazepines, only the lowest cumulative dose had an elevated all-cause mortality after MOF, adjusted HR of 1.40 (95% CI 1.06-1.85). Higher cumulative dosages of benzodiazepines were not associated with all-cause mortality.
As shown in Table 3 , compared to the all-cause mortality after a MOF, recent and past use of antidepressants, benzodiazepines, or combined use after a HF resulted in a comparable risk of all-cause mortality. 
Discussion
This study demonstrates that the proportion of patients who had received at least one dispensing of antidepressants or benzodiazepines increased during the first year following a MOF; this was also shown for the subgroup of patients with a HF. Furthermore, this study showed no association between the current use of antidepressants or benzodiazepines and risk of all-cause mortality during a 4.6-year follow-up period after a MOF or a HF. However, risk of all-cause mortality was higher for recent and past use of any of both classes of medication. The use of antidepressants and benzodiazepines in the period before and after a HF in our cohort is different compared to other studies. In our study, 14.5% and 28.1% of the patients used antidepressants and benzodiazepines, respectively, in the 6 months before the HF. The cumulative incidence of antidepressant or benzodiazepine use 3 months after a HF was 10.9% and 27.8%, respectively. This increased to 16.0% and 35.7% 1 year after the HF, respectively. After a MOF, the proportions of benzodiazepine and antidepressant users were slightly lower compared to the subgroup of patients who sustained a HF. Our results are not in line with those by Iaboni et al., who showed an initiation rate of 8.8% of antidepressants in the first 90 days after a hip fracture in the cohort of community-dwelling elderly who had not been exposed to an antidepressant in the year prior to the fracture [8] . The dispensing rate increased over a period of time, with 10.4% as highest initiation rate [8] . These initiation rates are higher compared to our study. Kragh et al. [10] reported that 21.5% and 20.1% of the patients used antidepressants and benzodiazepines in the 6 months before a hip fracture, respectively. After a hip fracture, these proportions increased to 31.8% and 28.1%, respectively. The study of Kragh et al. [10] showed a substantial use of antidepressants and benzodiazepines but a higher rate of antidepressant use and a lower rate of benzodiazepine use compared to our study. There are several differences which may explain the different outcomes. In our cohort, the cumulative incidence was studied, in the Swedish cohort of Kragh et al. the incidence, and in the study of Iaboni et al. the initiation rate was studied and there were different time windows [8, 10] . Besides that, in our cohort and in the cohort of Kragh et al. [10] , patients had received dispensings of antidepressants in the year before the fracture. Further, the habits of prescribing certain drugs in a country may also contribute to the differences. A potential explanation for the high incidence rate of antidepressants and benzodiazepines after a HF may be that depression was reported to be associated with adverse effects on rehabilitation participation and recovery from hip fractures [34] .
In the cohort of patients with a MOF or HF we found an association between recent and past use of antidepressant or benzodiazepines and all-cause mortality but not for current use of antidepressants and benzodiazepines. Several previous studies reported that the use of antidepressants and benzodiazepines was associated with an increased risk of mortality [11] [12] [13] [14] [15] [16] , but other observational studies did not find increased mortality risk with the use of antidepressants and benzodiazepines [20] [21] [22] [23] [24] [25] . Panula et al. studied in a Finnish hip fracture cohort the use of potent anticholinergics, sedatives and antipsychotics at the time of the hip fracture and the association with postoperative mortality [9] . Only in men the age-adjusted mortality after 30 days, 3 months, 6 months, and 3 years was increased with the use of potent anticholinergics. Furthermore, the mortality after 3 years in men using sedatives and antipsychotics at the time of the hip fracture was higher compared to men not taking sedatives and antipsychotics. In the Finnish hip cohort medication at the time of the HF was checked. It is unclear how many patients continued to use the medications the years after the HF [9] . Therefore, it is difficult to conclude whether the association is due to medication use or comorbidity.
Since we found an increased mortality risk with recent and past antidepressant and benzodiazepine use, i.e., opposite of a causal hypothesis, these effects are unlikely to be explained by direct pharmacological action but rather by unknown distortion.
The absence of a dose-response effect in the analysis with the cumulative doses in current use confirms this. An excess mortality risk is demonstrated in the first year after a HF [35] . One of the possible explanations for the excess mortality risk after a HF is cardiac disease [36] . Cameron et al. demonstrated that the number of deaths due to arrhythmias was elevated in the first 3 months after a hip fracture [36] . The use of antidepressants and benzodiazepines may increase mortality risk via cardiac The adjustments for the use of drugs where for the 6-month period before the start of an interval.
Current users were patients who had been dispensed either an antidepressant or benzodiazepine, or both, in the 30-day period before each interval. Recent users were those with a dispensing between 31 days and 92 days before each interval. Past users were those with a dispensing more than 92 days before the interval a Adjusted for age, sex, use of diuretics, history of ulcer disease/dyspepsia, cerebrovascular disease, depression b Adjusted for age, sex, use of diuretics, opioids, glucocorticoids, antipsychotics, history of ulcer disease/dyspepsia, heart failure, depression, dementia arrhythmias [17] or upper airway collapse [18, 19] , respectively. Those effects of antidepressants and benzodiazepines are more likely to occur in the first period after starting the drugs and given the relatively short half-life of most agents, these effects should only last a few days after discontinuation. We found no increased mortality risk with current use of antidepressants and benzodiazepines, only with recent and past use. Therefore, we cannot explain the effects by direct pharmacological action. In previous research, it was reported that good adherence is associated with a decreased mortality [37, 38] , while other studies report that poor adherence is associated with an increased mortality risk ( [39] . However, in our study, data regarding persistence and reasons or causes of stopping the antidepressants or benzodiazepines were not available. Therefore, we were unable to analyze the effect of adherence on mortality.
We postulate that there might be an effect of the healthy survival [40, 41] . In 2008, a first version of the STOPP/ START criteria for potentially inappropriate prescribing in older people were developed [41] . Further, the updated Beers criteria of 2012 stated that the use of benzodiazepines in elderly should be avoided and that antidepressants (SSRIs, TCAs) should be used with caution [42] . There are several guidelines developed to help reviewing medication and to stop medication in elderly [43, 44] . These reviews are especially developed for the frail elderly. According to the Dutch general practitioners' guideline for medication review: patients aged > 65 year, using 5 or more medications, and with at least 1 risk factor (eGFR < 50 ml/min/ 1.73 m 2 , impaired cognitive function, increased risk of falling, signs of reduced compliance, living in a nursing home, unplanned hospitalization) have an indication for an extensive medication review [44] . Hence, stopping or diminishing use of antidepressants or benzodiazepines among other medications might be especially applied in elderly patients of this Dutch PHARMO cohort with polypharmacy indicating at a worse prognosis of these patients. This may have resulted in the finding of increased risk of all-cause mortality with recent and past but not current use of these medications in the present study.
This study has several strengths and limitations. First, dispensing and not prescription data was used to evaluate the use of antidepressants and benzodiazepines. As compared to prescription data, dispensing data is more reliable and will result in less misclassification of exposure as compared to prescription data. However, it remains unknown if patients have been compliant with their dispensings and this may have resulted in a dilution of the effect. Second, we used real-life data and we had longitudinal information on drug dispensings. Third, we were able to adjust our analyses for several confounders, including comorbidities and concomitant drug use. However, a limitation is that we did not have information on lifestyle factors, such as smoking and body mass index (BMI). It is known that patients with a psychiatric disease smoke more often than people without a psychiatric disease [45] , and smoking has been associated with an increased risk of mortality [46] . Therefore, not adjusting for smoking may result in an artificial association between use of benzodiazepines or antidepressants and mortality risk. However, we did not find such an association. Use of benzodiazepines and antidepressants has been association with weight gain [47, 48] . A higher BMI has been associated with an increased risk of mortality [49] . Not adjusting for BMI would have resulted in an artificial association when users of antidepressants or benzodiazepines had a higher BMI as compared to never users. However, we did not find such an association. Fifth, the date of death but not the cause of death was available from the linkage of the Central Bureau of Genealogy we used in this study.
In conclusion, this study demonstrates a considerable increase in dispensing rate of antidepressants and benzodiazepines in the first year after a MOF. Furthermore, this study showed that recent and past use of antidepressants or benzodiazepines was significantly associated with all-cause mortality. We found no association between current use of antidepressants or benzodiazepines and mortality after MOF, but we postulate that this may probably be explained by the healthy survivor's bias. We would like to emphasize that it is important to focus on the drug use of the frail patients after a recent MOF and to follow the current guidelines concerning stopping and starting drugs especially with regard to use of antidepressants or benzodiazepines.
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